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uMMARY The effects of tetanus toxin on neuromuscular transmission of ini
in acute Intoxication produced by intravenous injection of a large amount of

the toxin were examined by (1) recording the phrenic nerve impulses, the electr -
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myograms (EMGs) of the diaphragm and the electrocardiograms, and (2) the evoked
EMGs of the gastrocnemius muscle in response to electrical stimulatio f h
sciatic nerve. The evoked EA, ICs of the gastrocnemius muscle were anal ,z d '
terms of kinetic and tonic components by their different latencies. Just before
death of animals, the EMGs of the diaphragm appeared with some dela I
to the corresponding phrenic discharges. Finally, the EA, IG of the dia hra in d' -
appeared even in the presence of phrenic discharge, but cardiac electrical activitie
continued. The amplitudes of the evoked EMGs of the astrocnemius I
invariably became low before deatli, but the muscle action otential could b
corded by direct muscle stimulation for several minutes after death. The Iat
of the evoked EMGs were constant until about the middle of the survival t' h
the latencies suddenly became prolonged. The longer latency was the same as th t
of the tonic action potentials. Thus, in acutely tetanus-intoxicated mice, ne
muscular transmission was blocked rapidly and the kinetic component of the mus I
was blocked earlier than the tonic component.

INTRODUCTION

Tetanus toxin has been reported to act on
the central nervous system, mainly causing
hyperactivity of the motor system followed,
after a latent period of several hours or days,
by signs of spastic paralysis, which is the
main symptom of typical tetanus in man and
animals.

Besides central effects, tetanus toxin has
been reported to show peripheral effects.
Flaccid paralysis was observed in some clini-
calcases of severe tetanus (Kaeser at a1. , 1968).
Local flaccid paralysis was also observed under
particular experimental conditions. when Tab-
bits were administered with antitoxin in the
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early stage of tetanus intoxication (Miyasaki
et a1. , 1967) and when mice were pretreated
with a large amount of toxoid (Davis and
Wright, 1955), they showed paralytic signs,
instead of spastic signs, with intramuscular

of tetanus toxin. When the toxininjection
was injected into the anterior chamber of the
eye, pupillary paralysis was produced (King
at a1. , 1978). Blocking effects of tetanus
toxin on neuromuscular transmission have
been demonstrated experimentalIy in local
tetanus induced by intramuscular injection of
the toxin into mice (Duchen and Tonge, 1973),
cats (Takan0,1976), rats (Kretzschmar at al. ,
1980) and g, Idfi^h (Mallanby and Th. mus, n,
1981). H^bermann at a1. (1980) d, in, n-
strated that the tetanus toxin molecule Itself
blocks neuromuscular transmission in vitro
in a mouse phrenic nerve-hemidiaphragm
preparation. However, in whole animals, the
participation of the peripheral action in tetanus
intoxication is unclear.

We found the intravenous injection of pu-
tin. d Manus t. xin (1000-0.06 Ag) kithd mire
within 20450 min after signs of flaccid paral-
ysis (Matsuda at a1. , 1982). Since the signs
were indistinguishable from those produced by
botulinum toxin, which blocks neuromuscular

examined neuromusculartransmission, we

transmission In acute tetanus Intoxication In

mice electrophysiologically.
The evoked EMG recorded with a surface

electrode, has been proved to be a vector sum-
mation of two components, kinetic and tonic
activities (Nakayama and HOTi, 1967a). When
a nerve is stimulated repetitively at a rate of
more than 25 per sec, the tonic component is
abolished and a " pure " kinetic response Is
obtained in the evoked EMG of the corre-

sponding muscle (Nakayama and HOTi, 1970).
The latency of the kinetic component is shorter
than that of the tonic component, because the
conduction velocity of the kinetic motor fiber
is faster than that of the tonic motor fiber

(ECCles at a1. , 1958; Nakayama and HOTi,
1967b). Thus, analysis of the evoked EMG
is a simple method for studying nerve-muscle

conduction.

This paper reports EMG studies on phrenic
nerve-diaphragm and sciatic nerve-gastro-
cnemius muscle preparations in acutely tetanus-
intoxicated mice.

MATERIALS AND METHODS

Experiments \\, ere performed on 91 OFl mice
weighing 18 to 31 g. Tetanus toxin was prepared
and purified from an extract of 0103tr, 'atI'Mi teta, it
Harvard A+7, substrain Biken, by the method of
Matsuda and Yoneda (1975). The purified prep-
aration of toxin contained 365-390 Hocculating
unitsjmg of protein and 0.8 to 1.6 x 10' minimum
lethal dosesling of protein. The preparation was
homogeneous, forming a single precipitation band
against crude horse antitoxin in jinmunodifTusion
plates and migrating as a single protein band on
polyacrylamide gel electrophoresis. In experiments,
0.1-0.2 inI of toxin solution (6-12 ingjml in 0.1 M
KNa phosphate buffer, pH 7.5) was injected into
a tail vein of mice.

For recording of the phrenic impulses and EMG
of the diaphragm, mice were anesthetized with
sodium pentobarbita1,50 figjg ip. , and were fixed
in the supine position. A phrenic nerve on the
right side of the neck was isolated from surrounding
tissues under a dissecting microscope and an jin-
plantable electrode was fixed on it. The EMG of
the diaphragm was recorded with a bipolar needle
electrode inserted into the diaphragm through a
small hole in the right upper abdominal wall. The
phrenic nerve was identified by the nerve activities
synchronized with the ENIG of the diaphragm
The activities of the phrenic nerve and the EMG
of the diaphragm were monitored continuously with
an oscilloscope and loud speaker and simultaneously
recorded on magnetic tapes with an FM magnetic
data recorder.

For recording the evoked EMG of the gastro-
cnemius muscle, the right sciatic nerve was isolated
from surrounding tissues at the level of the upper
thigh. An implantable electrode for stimulation
was fixed to the nerve. The gastrocnemius muscle
was exposed for inserting a bipolar needle electrode.
The sciatic nerve was stimulated every 10 sec by
single rectangular pulses (duration, 0.01-0.1 msec ;
intensity, 1.3-6.8 V). The evoked EMGs of the
gastrocnemius muscle were amplified and monitored
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on an oscilloscope, photographed directly and led
Into a memory OSdlloscope for later reading out

Throughout the studies, all the electrodes were
covered with a mixture of vaseline and paraffin oil
to prevent their drying and the influences of ex-
udate

RESULTS

I. orects of ac"Ie letant, s intoxication o" the
action res of the ph, 'e"!'c 71er?Je and drophr@g"I

Figure I (A-F) shows the electrical activi-
ties of the phrenic nerve and diaphragm just
before and after death of an intoxicated mouse

In this case, the respirators, frequency, (RF)
was 1001min and the heart rate (HR) was
4061min before toxin injection (Fig. IA). In
the early period of 0-90 min after the injec-
tion, the RF and HR showed almost linear
decreases in rate of 0.81min and 1.71min, re-
spectively. In the period of 90-147 min after
the injection, RF was 26, .21min and HR was
250 t41min. From about 143 min after the
injection, the phrenic nerve activities were oc-
casionally not accompanied by EMG activi-
ties of the diaphragm, and irregular respira-
tion became evident. At about 147 min, the
RF and HR suddenly decreased to 61min and
241min, re^pertiv, ly (Fig. IB). Just b. fore
donth, at ,b. ut 148 min 30 co. (Fig. 10,
the EATG of the diaphragnT began to show
remarkable delay relative to the corre-

sponding phrenic burst. When the delay
reached 700 msec, respiratory movement
ceased. Figure ID shows a burst of phrenic
discharges and sporadic activities of the dia-
phragm EATG independent of the phrenic
burst discharges. Figure IE shows the con-
tinuous discharges of the diaphragm but no
phrenic discharge. The continuous discharges
of the diaphragm lasted for about one minute
At 151 min 10 sec, neither the phrenic impulse
nor the EMG of the diaphragm were observed
while the electrocardiogram was still recorded
(Fig. IF).

A
2

2

2

2

2

5 SEC
FIGURE I . Recording of impulses from the phrenic
nerve and EMG of the diaphragm during acute

A mouse \\, eighing 37 g wastetanus Intoxication

anesthetized with 1.8 ing sodium pentobarbital and
was injected \\, ith 2.4 ing purified tetanus toxin.
The mouse died 151 min after the injection. During
the course of intoxication, the impulses from the
phrenic nerve (1) and the ENIG from the diaphragm
(2) were recorded. Electrocardiograms were seen
as small deflections in trace 2

A, just before toxin injection; B, 147 min; C,
148 min 30 sec; D, 149 min; E, 150 min 20 sec;
F, 151 min 10 sec (shortly after death), after toxin
injection,

2

2. fiMG of the gastroc"emit, s ?""sc/e etioked
by electrical still, "intr'on of the sciatic lier"e I'M
Intoxicated 7111ce

The evoked EMGs of the gastrocnemius

muscle were recorded every 10 sec during in-
toxication and some of them are presented in
Fig. 2A. Figure 2B shows the change of
latencies, which are the times from stimulation

SUGiMOTo et al. EMGs in aci, te tetu"i's into:c, 'c"tio, I 23
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FIGURE 2. Evoked EMGs of the gastrocnemius muscle and their latencies
during acute tetanus intoxication. A mouse weighing 18 g was injected \\, ith
840 11g purified tetanus toxin and died 75 min later. The sciatic nerve was
stimtilated every 10 sec by rectangular pulses (duration, 0.1 msec; intensity,
0.1 V). A, series of evoked EMGs recorded at the indicated times after the
injection. Dotted arrows indicate the start of evoked Ei\IGs \\, ith longer Ia-
tency. At 30 min(*) and 40 min(*) after the injection, the evoked EMGs were
recorded at higher magnification as indicated by the calibration. B, latencies
of evoked EMGs plotted against the time after the injection. At about 30 min
after the injection, the evoked EMGs became too small to measure their exact
latencies

I .
. .

*'. .~,^, .^..

.

,~,~.\.,-.~..~~.-.

to the onset of the evoked EMGs. The Ia-

tencies of the evoked EMGs were unchanged
from 0.92 :t:0.02 msec until 30 min after toxin

injection. After 35 min, the latencies were
1.03. =0.02 msec. The longer latency lasted
until about 10 min before death (64 min after
the injection). Latencies increased abruptly
to 1.65 in^. c at death (Fig. 2B).

The peak-to-peak amplitudes of the evoked
EMGs became very low in the middle of In-
toxication and then gradually became high
until about 15 min before death in this case.

But the evoked EMG is a vector summation
of the kinetic and tonic activities, and so the

peak-to-peak amplitude of the compound mus-

.

o

.

20

Time( min )
40 60
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cle action potential is not always proportional
of the muscle.to the mechanical response

The peak-to-peak amplitudes of the evoked
EMGs invariably became very low in the late
stage of intoxication. Soon after death when
an EMG could no longer be evoked by stim-
ulation of the nerve, the muscle could con-
tract in response to direct muscle stimulation.

3. A"ab, sis of the AIMetic riftd tonic COMpo"e, ,is
of the e"oked EMG of the gast, 'oc"e, ,11"s 111wsc/e
bqfore and 4/1er into xicnt, 'off

To analyze the effects of intoxication on
the evoked EMG more precisely, we first tried
to find out if the evoked EMGs of the gastro-

BIKEN JOURNAL V01.25 No. I 1982
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FIGURE 3. Component analysis of evoked EMG of
the gastrocnemius muscle before intoxication. Wave
A was obtained by a single stimulation (duration,
0.01 msec; intensity, 1.3 V). Wave B was obtained
18 sec after the beginning of repetitive stimulation
at SOHz for 30sec. The two waves are super-
imposed in the figure. The short arrow indicates
the onsets of waves A and B. The long arrow
indicates the point at which wave A and B separate

cnemius muscle of the mouse were also coin-

posed of two components; i. e. , kinetic and
tonic components.

Wave A in Fig. 3 is the action potential
evoked by a single rectangular stimulus (dura-
tion, 0.01 msec; intensity, 1.3 V). The wave
had a latency of 0.67 msec, showing first an
upward peak at 0.94 msec, then downward
deflection with a notch at 1.74 msec and then

upward deflection. Wave B in Fig. 3 was
obtained 18 sec after the beginning of repeti-
tive stimulation at 50 Hz for 30 sec. The

wave B was considered to be composed of
only the kinetic component because the tonic
component is abolished by repetitive stimula-
tion, as mentioned above. In Fig. 3, the wave
B has the same latency of 0.67 msec as that of
the wave A. Trace of the wave B is the same

as that of the wave A initially, but is separated
from the trace of the wave A at 0.94 msec, as
shown by a long arrow (Fig. 3). As the wave
A in Fig. 3 is a vector summation of kinetic

FIGURE 4. Evol<ed EMGs with shorter and longer
latency obtained in the early and late stages of in-
toxication. The mouse weighing 32 g used in the
experiment for Fig. 3 was injected with 1.2 ing
tetanus toxin and died I 17 min later. The sciatic

nerve was stimulated every 10 sec by single rectan-
gular pulses under the same conditions as for wave
A in Fig. 3. All the evoked EMGs were photo-
graphed directly on the oscilloscope. Wave A ob-
tained 4 min after the injection had a short latency.
Wave B obtained 90 min after the injection had
a longer latency. The short arrows indicate the
onset of each wave. The long arrow indicates the
onset of the tonic component of wave A.

5m

and tonic activities, the point at which waves
A and B are separated indicates the onset of

SUGiMOTo at al. EMGs in acute tetanus intoxication



tonic activity. Thus, the latency of the tonic
component in this case was estimated to be
0.94 msec. The conduction velocities of motor
fibers can be calculated from latencies of the
evoked EMG and distances between stimulat-

ing and recording electrodes. The mouse is
too small and its sciatic nerve is too short to

measure the exact length between the stimu-
Iating and recording electrodes. However, the
ratio of the conduction velocities of the tonic
and kinetic motor fibers could be calculated
as a ratio of the latencies between the kinetic

and tonic components, I. e. , 0.67 msecj0.94
msec=0.71. This value was in good agree-
merit with those of ECCles at a1. (1958) and
Nitay^in^ and H. ,I (1967b).

The series of evoked EMGs during intoxi-
cation was recorded. The evoked EMGs

could be divided into two groups by the 11'
latencies as in the experiment for Fig. 2. The
evoked EMG with the shorter latency and
that with the longer latency are shown in the
Fig. 4. Wave A in Fig. 4, recorded at 4 min
after toxin injection, had the same character-
is tics as wave A in Fig. 3 : latency, 0.67 msec ;
first upward peal<, 0.94 msec; notch, 1.74

Therefore, wave A in Fig. 4 was con-
sidered to be composed of the two components,
kinetic and tonic. Wave B in Fig. 4, obtained
at 90 min after the injection, had a latency of
0.94 msec. This coincided with the latency
of the tonic component calculated in the ex-
perlment for Fig. 3. Therefore, wave B in
Fig. 4 was concluded to be composed mainly
of the tonic component.

Intoxication was due to block of neuromus-
CUIar transmission.

Results also showed that the effect of tet-

anus toxin in blocking neuromuscular trans-
mission occurred within minutes in our pre-
paration. Although most studies on the pe-
ripheral effects of tetanus toxin have been per-
formed on local tetanus several hours or days
after toxin injection (e. g. , Duchen and Tonge,
1973; Takan0, 1976; King at a1. , 1978;
Kretzschmar at a1. , 1980; Me11anby and
Thornpson, 1981), our results indicated that
tetanus toxin did not require a long latent
period for eliciting peripheral effects. In our
system, the Intoxication was so rapid that we
could observe the peripheral effects of the
toxin without complication from central ef-
fects, since the central effects require a long
incubation period (Habermann and ETdmann,
1978). Thus, mice acutely intoxicated with
tetanus toxin provide a simple model for
studying the primary effect of the peripheral
action of the toxin.

Furthermore, the results clearly demon~
strated that there were two definite stages in
the peripheral effects of tetanus toxin. In
the middle of Intoxication, a period of shorter
latency changed to that of longer latency in
the response of the gastrocnemius muscle to
sciatic stimulation (Fig. 2). The earlier short-
er and later longer latencies coincided with
those of the kinetic and tonic components,

re^perm, Iy, of th" "v, kid EMG (Fig. 3,4).
Therefore, there were two stages in acute
tetanus intoxication : an early stage in which
both the kinetic and tonic components re-
sponded to nerve stimulation and a later stage
in which the fast kinetic component could no
longer respond and only the slow tonic coin-
ponent responded to nerve stimulation. Final-
Iy, neuromuscular transmission of the tonic

was also blocked and the micecomponent
died. In acute tetanus Intoxication, the fast
white kinetic muscle component was blocked
more readily than the slow red tonic muscle
component.

In local tetanus of mice (Duchen and Tonge,

msec

DISCUSSION

Our results indicated that block of neuro-

muscular transmission occurred in acutely
tetanus-intoxicated mice that showed signs of
apparently generalized flaccid paralysis. The
gastrocnemius muscle responded to direct
muscle stimulation after death and phrenic
nerve impulses were observed at the final
stage of intoxication. Thus, the lack of a

observed in acute tetanusmuscle response
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1973), cats (Takan0, 1976) and rats (Kretz-
schmar at a1. , 1980) by intramuscular injection
of tetanus toxin, different sensitivities to the
toxin of neuromuscular transmission in the

two types of muscles, fast and slow, have been
observed. Duchen and Tonge (1973) re-

ported strong sensitivity of the soleus muscle
of mouse to tetanus toxin, and concluded that
slow nTuscles are more sensitive than fast mus-

cles to the peripheral action of tetanus toxin
On the contrary, Tal<an0 (1976) reported that
neuromuscular transmission in the fast mus-

cle was nTore sensitive to the toxin than that

in the slow nTuscle in cats. 1< Tetzschmar at al.

(1980) demonstrated that the percentage of
white fibers in the muscles, estimated histo-
logically, displays a very good negative cor-
relation witll the minimum dose of toxin

needed for total blocking of neuromuscular
transmission in rats. The results of our

changes cannot be explained simply by block
of neuromuscular transmission.

The survival time of intoxicated in'

these experiments was longer than that
p, rt, d by Musud, at a1. (1982). Sine, in
this study, animals were treated with anes-
thetics before toxin injection, anesthetics might
prolong the survival time. But the anesthet~
ics used did not affect neuromuscular trans-
nTission.

By component analysis of evoked EMGs on
acute Intoxication, we could observe the pe-
ripheral effect of tetanus toxin from beginning
to death and found differentiating action of
the toxin on two components of muscle.
Analysis of the components of the evoked
ENIG will be useful in understanding the
mechanisms of action of various end~plate-
blocking agents such as botulinum toxin.
Tetanus toxin, which has a differentiating
action on fast and slow components of muscle,
may be useful in neuropharamacological
studies.

EMG studies on gastrocnemius muscle of mice
in acute tetanus Intoxication were in good
^g"corn, nt with thus. of T, kan. (1976) on
cats and 1< retzschmar at al. (1980) on rats.

In addition to blocking neuromuscular trans-
mission, tetanus toxin Ilave systemic effects
in acute Intoxication, since both the respiratory
frequency and the heart rate decreased in the
early stage of the intoxication, and these
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